ABSTRACT A deterministic model for the economic evaluation of broiler production and the derivation of economic values in broiler breeding was developed and tested. The model distinguishes four production stages: multiplier breeder, hatchery, commercial grower, and processor. The processor is included to determine relationships for the price per kilogram of live weight and the quality of the carcass, either on a "whole sale" or "further processed" base. Quantity of product output for the system is fixed by a predetermined amount of kilogram carcass of final product broilers finished by the commercial grower. Profitability of production and cost prices per unit product for subsequent stages can be calculated. Exogenous parameters are easily changeable in order to calculate profitability and cost prices for different production levels or production circumstances. Economic values can be derived considering influences of changes in genetic merit for performance traits on profitability or cost price, for integrated and nonintegrated production systems. By changing exogenous parameters, the model can also be used to analyze profitability or derive economic values for other meattype poultry, such as turkey.
INTRODUCTION
Management of enterprises can be considered a cyclic process including three primary functions (Boehlje and Eidman, 1984) : planning, implementation, and control. Planning is the process of selecting among various alternative actions that can be implemented. Normative modeling of the enterprise can be used to evaluate alternative actions in order to support decision-making.
Animal breeding is a part of strategic (long-term) planning of production (Groen, 1989) . The breeding goal defines the direction of a technological developmentrelative improvement of genetic merit for different performance traits. Economic values are major factors in defining the breeding goal (Harris, 1970) . The economic value of a trait expresses the extent to which improvement of genetic merit of a trait can contribute to an improvement of economic efficiency of animal production systems. Normative bioeconomic multi-equation simulation models offer good opportunities for the derivation of economic values, for example, by allowing sensitivity analysis for alternative prices and production levels (Groen, 1989) . Bioeconomic models have been used to derive economic values in swine (Tess et al., 1983; De Vries, 1989) , dairy cattle (Groen, 1988) and beef cattle (Hirooka et al., 1998) .
Broiler production is a system with several actors, e.g., multiplier breeders, commercial growers, and processors. Strain and Nordskog (1962) developed a model to analyze profits of multiplier breeders and commercial growers (integrated and nonintegrated) using a function of several performance traits of the parent flocks and the final products. Moav and Moav (1966) described net profit per unit weight of broiler meat as a function of market age and the total number of eggs per hen in the parental stock (PS). Harris (1970) and Dickerson (1970) proposed general functions to evaluate the profitability of meat-type animals. Subsequently, different models were derived and used in broiler breeding Shalev and Pasternak, 1983; Akbar et al., 1986; Shultz, 1986; Timmons and Aho, 1987; Lance, 1990; Fattori et al., 1991) . These studies did not deal with broiler production FIGURE 1. The structure of the broiler production system. as a complete system, and the traits considered focused on one or some elements of broiler production. This paper describes a deterministic model for the economic analysis of broiler production systems and the derivation of economic values in integrated and nonintegrated systems. In order to test the model, simulated economic parameters are presented.
MODEL

General Aspects
In producing broilers, many actors are involved, starting with the primary breeder and finally, of course, the consumer. This deterministic model focuses at the multiplier breeder, hatchery, commercial grower, and processor stages (Figure 1) . In practice, different stages may be fully or partly integrated. The primary breeder is not modeled in detail-exogenous parameters are used to define production costs of PS eggs. The hatchery is included to define specific costs associated with hatching eggs. The processor is included to determine relationships for the price per kilogram of live weight and the quality of the carcass. The consumer stage is represented by exogenous parameters for market prices of broiler meat products (e.g., breast). Eggs will be transferred between multiplier breeder and hatchery; chicks (aged 0 wk) will be transferred between hatchery and commercial grower (Figure 1) .
The model calculates the profit margin (profitability, total revenues minus total costs) of production per system stage, using market prices for products transferred between stages. Cost prices (total costs per unit product) are calculated for an integrated production system. The economic value of a performance trait can be derived by comparing profitability or cost price for a defined base situation with profitability or cost price after a marginal change in genetic merit for that particular performance trait.
The following description defines, per stage, how to compute the dependent variables from the independent variables. The independent variables are the exogenous parameters of the system. Both dependent and independent variables are divided into three categories: price variables, production variables, and scale variables. The total of the price variables defines the economic environment of the system. The total of the production variables gives the performance level of the broiler stock. Scale variables define the size of the system and are of particular importance when including fixed costs per enterprise in derivation of both profit margin and cost price.
At different system stages, production is by chickens of different lines with different genetic background. At the multiplier breeder, egg production is by a (crossbred) female PS. Female PS is usually mated to males from another (crossbred) PS line. So, animals producing at the commercial grower (final products, FP) are also crossbred, having 50% of their genetic background in common with each PS line. Although genetic links exist, in this model no direct relationships between performance traits of different lines (or categories, e.g., male vs female) are considered. These links, however, can be introduced by an appropriate choice of the exogenous parameters for PS and final products (Akbar et al., 1986) .
The model is described here in general terms; relevant equations are summarized in Appendix A.
System Scaling
The base scale exogenous parameter is "kilograms of carcass of FP of broilers finished by the commercial grower" (FPCARCASS). In other words, the size of the system is defined on the basis of the consumer market output, ignoring market output from the multiplier breeder (laying hens, breeder males). The number of FP chicks is derived as a function of carcass yield per finished chick. The number of PS female chicks required to give a certain market output (as defined by FPCARCASS) depends on production characteristics of the PS (i.e., henhoused egg production) and the final products (i.e., live weight and carcass yield), as well as on rates of involuntary culling of eggs (infertility, inhatchability) and chickens (mortality rate in PS, early and late mortality in final products).
Multiplier Breeder
The multiplier breeder purchases chicks from primary breeders: female chicks from a grandparent dam (crossbred) line and male chicks from a grandparent sire (crossbred) line, and sells FP eggs. The profit margin of the multiplier breeder is calculated as the total revenues minus the total costs at this system stage. The cost price per FP egg is calculated as the total costs at this system stage divided by the number of FP eggs produced. As an additional parameter, variable costs of PS males can be calculated as the sum of costs of purchasing male chicks, and costs of feeding males, minus the salvage values of males at the end of the laying period. An alternative way to derive the profit margin of the multiplier breeder is to compare market price and cost price per FP egg hatched. When considering an integrated production system, the market price and cost price are equalized, in other words, profit will be zero.
The revenues of the multiplier breeder are calculated as the multiplication of number of FP eggs produced and the market price per FP egg. The costs of the multiplier breeder consist of costs of purchasing the female and male chicks, feed costs, and other variable and fixed costs. Salvage values of culled male, females, and eggs are considered as negative costs components; this way, costs better reflect the "added values" from input of primary production factors. When starting rearing, numbers of males and female chicks are set at a certain ratio. Both breeder females and males are housed at an age of about 20 wk, again at a (different) fixed ratio. Possibly, a significant number of males are marketed at the end of the rearing period. Marketing males at the end of the rearing period is not practiced in Dutch broiler production, but it is usually done in (e.g., Northern American) turkey production. Revenues from marketing PS males are not considered in the model as described, but can easily be included.
The model distinguishes mortality rates of PS for the early period of rearing (0 to 2 wk of age), late rearing period (2 wk of age until being housed), and for the laying period. Also, separate mortality rates for male and female PS are assumed, as male mortality usually exceeds female mortality. Feed costs associated with early mortality are negligible. Feed costs associated with mortality during other periods are proportional to live weight of the animals at half time of this period. Mortality disposition costs are not considered. Feed costs for hens during the laying period include requirements for growth and egg production. Different feeds are assumed for rearing females and males, for breeder males, and for laying females. Salvage values are calculated from the number of animals or eggs involved, and market prices per kilogram of live weight. Variable costs of the multiplier breeder are assumed to be related to the number of PS females housed only, including costs of rearing males and breeder males.
Hatchery
The hatchery is the enterprise in which FP eggs are hatched to become FP chicks ( Figure 1) . Part of the FP eggs will not be fertilized (determined by the percentage of fertile FP eggs), and part of the fertilized eggs will not yield living FP chicks (determined by the percentage hatch of fertile eggs). Variable costs of hatching are assumed to be associated with the number of eggs hatched rather than the number of living chicks.
The profit margin of the hatchery is calculated as revenues of the hatchery minus the costs of the hatchery, where the revenues of the hatchery are determined by the number of FP chicks sold, and the costs of the hatchery are determined by the number of FP eggs bought, plus the variable costs and fixed costs at this stage. The cost price per FP chick is given by the total costs of the hatchery divided by the number of FP chicks produced. Again, an alternative way to derive the profit margin is to compare market price and cost price per FP egg hatched, and profit will be zero when market price and cost price are equalized in an integrated system.
Commercial Grower
The commercial grower purchases FP chicks from the hatchery at a uniform price per chick. The assumed sex ratio of female:male chicks is 1:1. There are differences between males and females with respect to (early and late) mortality, as well as feed consumption, finishing weight, and prices per kilogram of live weight at finishing.
Revenues of the commercial grower arise from selling FP animals. The commercial grower is paid per kilogram of FP finishing weight. As finishing weight is set as an exogenous production parameter, length of the growing period (about 7 wk) and growth rate are dependent performance variables. The exogenous performance parameter is feed consumption. Feed consumption is set for a given finishing weight, growing period, and growth rate.
Cost components for the commercial grower are feed cost, purchased FP starting birds, and possibly other costs fixed per bird or fixed per farm. Feed requirements are per kilogram of feed, assuming one standard feed for the growing period. Early (0 to 1 wk of age) and late (1 onwards) mortality are distinguished during the growing period. Feed costs associated with early mortality are ignored; feed costs of late mortality are related to 50% of the finishing weight of the animals.
By combining revenue and cost components, the profit of the commercial grower, the cost price per FP finished male, and the cost price per FP finished female are calculated. In an integrated approach, cost prices per finished FP are set equal to revenues for the commercial grower.
Processor
The processor is included in the model to define relationships between FP quality and price per kilogram of live weight. Commercial growers usually are paid on a per kilogram of live weight basis, without a explicit payment for quality of the FP. However, one might determine the (long-term) relationship between FP quality and price per kilogram of live weight by considering product revenues of the processor. For the consumer market, products are either the whole carcass ("whole bird" base) or breast, wings, and legs ("further processed" base). For the whole bird base, quality is defined in terms of percentage of the carcass in grade A; for the further processed base, quality is determined by the relative percentages of the carcass for breast, wings, and legs. Yields of breast, wings, and legs are often denoted as percentage white meat and percentage dark meat, where white meat and dark meat are breast + wings and legs, respectively. As prices of breast, wings, and legs in fact can be determined separately, this subdivision is preferred above a subdivision in white and dark meat only. These prices for breast, wings, and legs, as well as prices per kilogram of carcass grade A and nongrade A are considered exogenous price parameters. Percentage yields are considered exogenous production parameters. Processing costs per FP bird are included in the prices, again distinguishing between processing costs on the whole bird and on the further processed base. It is assumed that these processing costs are adjusted for possible revenues on noncarcass components of the bird when being processed.
Prices per kilogram live weight are separately defined for FP males and FP females. Prices per kilogram live weight used to calculate salvage value of PS male breeders and PS females at the end of the laying period are (fixed) exogenous parameters. In situations where the revenues per kg live weight FP at finishing for the processor exceed market prices per kilogram live weight FP at finishing for grower, the processor is making a profit. Cost prices per kilogram of carcass for males and females are now calculated.
MODEL TESTING
To test the model, actual broiler price and breed performances were obtained from Euribrid B.V. (Tables  1 and 2 ). Values are based on a system with PS females laying until 64 wk of age, and a market age of 7 wk for FP birds. Simulated production scales, assuming an annual FP carcass production of 2,000,000 kg, are in Table 3 . Changes in performance of the animals do not result in changes in the level (quantity) of output, but lead to changes in production scales: costs per unit of product are reduced or increased (Table 3) . As an example, a 20% change in hatching egg number and body weight of commercial broiler are imposed to illustrate changes in production scales. Production scales for commercial growers are influenced by body weight but not by hatching egg number. Production scales for multiplier breeders and hatcheries are influenced by both hatching egg number and body weight. In terms of production scale, improvements in both broiler growth rate and egg production in the PS have the same consequences for the multiplier breeder. Costs and profit margins are in Table 4 , including effects of changes in hatching egg number and body weight on these economic parameters. In the basic situation, all costs are lower than assumed market prices (Table 1) , as indicated by positive profit margins. Only with a decrease of 20% in hatching egg number, the cost per FP egg hatched becomes higher than the market price (0.4445 vs 0.3600). When ignoring fixed cost, an increase in hatching egg number per PS female decreases all costs as well as increases the profit of the multiplier breeder, but does not downstream change profit of hatchery and commercial grower, as market prices (rather than costs) are used in calculating profits of these stages. A change in body weight directly influences costs and profits at the stages of commercial grower and processor. A change in body weight of FP birds only indirectly influences costs and profits for the multiplier breeder and hatchery upstream 
DISCUSSION
The model is developed for economic evaluation in broiler breeding. It allows for the computation of the influence of production parameters and values of production factor input and product output on overall profitability. The model calculates costs and revenues for different participants of broiler production system, and can be used to analyze the economic status of broiler enterprise. By alternative data input, the model is suitable for situations of nonintegration, part integration or full integration.
The model can be used to derive economic values in broiler breeding based on profit equations (Jiang et al., 1998) . Marginal changes in performance traits will lead to (marginal) changes in profits and costs. Furthermore, the model can be used to quantify to what extent economic values in broiler breeding depend on production circumstances. When analyzing marginal changes in profits and costs from (independently) changing single performance traits, full recognition of model assumption on relationships between variables is required. For example, this model does not include an optimization of the length of the growth period in dependence of feed consumption. Also, marginal changes in egg production will not change the amount of laying feed for PS females, as the latter variable is an independent exogenous parameter. Accordingly, in deriving economic values, a sensitivity analysis for parameters within the model has to be performed. This model considers feed consumption for PS laying hens, breeder males, and FP birds as exogenous parameters. If adequate performance data are available, feed consumption might be replaced by feed requirement per egg or per kilogram of body weight gain.
In conclusion, the model can be used for the economic evaluation and the derivation of economic values of poultry meat production systems, not only for broiler enterprise but also for turkey, meat-type duck, and the other meat-type poultry as well. 
